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The Use of a Synthetic Hi Tunc tional Llgand for the 
Immunomct ric Oct erminn t i on of tho Concentration Ratio 
ofT wo Solutes 

Introduction 

"ChCfc^^^^j^jjj^^^yj^^^gr^r^ifrs 3 simplo technique (a kit) 
for determininy reliably the^^S^9^?^^r jlc*- of cue hwdan 
menstrual cycle. S«!ch a Uit will be suitable for home 
use, to enable a woman to detertT;ine v/hen she is fertile 
and so avoid conception by periodic abstinence from 
intercourse. Conversely the ability to predict*ovu* 
lation will be valuable in cases where conception is 
desired . 

It is proposed to use a technique in which the ratio 
of two steroid metabolites, in urine, is measured 
directly; a signal being generated in direct proportion 
to the value of this ratio. The two metabolites are: 
3-hydroxy-oestrfJ-l ,3 ,5 (10) - tr j cnn-I 7-one 3-^-D- 
glucupy ranosidu ronic acid (trivial nnrr.e: oestrone-3- 
glucuronidc or E13G) and !>p -pr egnane-3y , 20^-diol 3q^-j3-D- 
glucupy ranosi du roni c acid (trivicil name: p r egnanediol - 
3-glucuronide or P03C). The signal will be a colour 
produced by an cnzymc-1 abcll ed antibody. The novelty 
of the approach lies in the use of a mixed steroid 
glucuronide-prot cin immunocompl ex to measure directly a 
steroid/steroid rutio. This principle can be applied 
to the meaoure;;ien t of any solute/solute ratio. 

Ma t eri nl s 

Mixed steroid glucu roni de-p ro tei n complex. 

The sen e Pie is based on the preparation of a macro- 
molcculo containing both o ea t rone-gl ucu roni d e and 
P regnanediol -ql ucuroni de covalently linked to a protein, 
such r*3 bovine Gorum albumin (BSA): 



(oc3trone-3-tjlucuronide)^DSA - (pregnancdiol-3-cjlucuro- 
ni de ) . 

The method used will be the mi xed onhydrid© ,.reoc tion 
as described^ wi th the difference that two stcroidn 
glucuronides instead of one would ba involved in the 
reaction. The advantage of using a proteinD such as 
bovine scrum albumin is that the number of molecules 
of each steroid glucuronidc.per molecule of BSA can be 
independently varied by adjusting the s toichloixiet ry of 
reagents* It is intended to oynthesioe a range of 
mixed steroid glucu roni de-BSA complexes with varying 
ratios oF oes t ronc-^glucuronido to prcgnanediol -glucuro- 
nide. Such mixed steroid glucu roni de-BSA complexes will 
be capable of simultaneously binding both oestrone- 
glucuronido an tibodi es and prcgnanediol -glucuroni de 
antibodies. The complex with an optimum ratio will 
fi nally be selected after testing in the reaction scheme 
set out below. 

An ti sera 

Immunoglobulin enriched fractions of both ocs trone-3-gluc- 
uronide and p regnan edi ol - 3^-gl ucu roni de antisera will 
be used, 

□estrone glucuronide antiserum labelled with the enzyme 
"hnrse radish peroxidase" prepared by a modification 
of the method using gl u ta ral dehy dens the cross linking 
reagent^. An alternative cnx.yme label alkaline phospha- 
tase will alro bo investigated. 

Solid Phase 

Polystyrene test tubes (50 x 6mm) obtained clean and 
sterile from Sterilin Ltd v/iJl be used as a solid phase. 
The antibody coated tubes arc robust and can be stored 
e.Tipty, in a sealed container, at -20*^C for many months, 
without looo of antibody activity. Alternative solid 
phase supports will be investigated such as filter paper 
strips, to wliich antibody is covalently bound* 
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P roc nclu v o 

The method proposed io in two parts. (1) p rcpn rfj L i on 
of a solid phase i rnmunocompl nx (Fiq.l); (2) the testing 
of a sample for a E13G/P0iG ratio (Fig. 2). 

( 1 ) P r op fi r ;i t i on of the riolid phase i mniunocomp I ex 

1. Coating of tubes with pregnanediol -glucu ronidc 

F#i»«lx:.. ot antibody coated tubes with the mixed 
"stfcroid o^ucuronidc-BSA complex (ie El 3G-BSA-PD3C ) . 

4. Buffer wash. 

5. Incubation of coated tubes with oestrone glucuro- 
nidc antiserum. 

6 . Bu f f cr wash . 

7. Store empty, but scaled at -20°C until required. 
(2) Use of above preparation to tost for the C13C/PD3C 

1. Add (diluted) urine to i mmunocomp 1 ex coated tubes. 

Incubate. 

2 . Bu f for w£»i,h . 

3. Add excess enzyme Jobcllod o cs t ron c -q 1 ucu roni d e 

antisera. 

A . Uu f r er v/asl> . 

5. Measure amount of label, by addition of substrates 
folio »>cd by colorimetry. 

NB: Cxcent* rcayerit in step 3 v/ill enable this to be 
a very short stop. Also any non-specific interfering 
factors from the urine sample will be washed av/ay 
thorcrcirt: cn/yne blanks sliould be mirijnial. 

Rational c 

The reaction end point will bo determined by the amount 
of residual labelled oestrone glucu ronidc antibody bound 
to the solid phase, and this will be proportional to the 
number of exposed oestrone cjl ucu roni de residues on the 
solid phase after incubation with diluted urine. This in 
turn is dependent cn two factors. (1) the number of 
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C13C rccidui'O will bo proporLionol to the concontrtition 
of oestrutjert tjlucuronido in th c u r in c r.:jfnp 1 1; , nincc free 
oestrono qlucuronidc will competitively displace non- 
InbeJled oeatronp n I ronl dc o/il Ibudi c*. frotn • • 



roncentrntion oT p t j n > r. o ij j o j . j i u n i d c_ i n t h e urino 



samploy as free prucjnuncdioi cjlucuronide will coi&pa;ti- 



tivoly displace BSA linked prcrjnnediol Qluciironido T^om 
10 tho solid phase prcgnonediol qlucuronide antibodion. 

It follows that t ^or oninplcs containing high concentra* 
tions of oe:;tronc qlucuronidc and low cone en t ra t i one 
of pregnancdiol glucuronidc (pcriovulf«tor^ phase) Aani- 
15 mum binding of labelled antibody will be ahievcd 
high E13C/rDTr. mtio will give n high *;icjnal. 

Three other extrome conditions arc possible: 

(1) low OCT. I rone (jl ucii rtmi de > low prcrjnnediol tjlucu- 
20 ronidc (early folliculnr phase); 

(2) low oestrone glucuronide * higti pregnancdiol glucu- 
ronide; 

(3) higti oestrone glucuronide -o- hiyh pregnaoediol 
glucuronide (mid luteal phase). 



Under conditiun (!)♦ urt label led y estrone glucuronide 
onlibodie.T will f)ci t be displaced froni the i mmunocotapl cx , 
no labelled oestrorii* glucuronide antibodies can bind 
to the solicJ phnr. c .Mid a luw signal will result. Under 
30 conditions (2) and (3) the i mmunocomp 1 ex will, be cleaved 
from the solid phase altogether, no oestrogen rcsidueo 
will remain on the r.ulid phase arid no signal will be 
possible. 

3 3 Ihv above schcr.:c has a number of advant:«ge^. 

(1) Colour development occurs when the test is positive* 

(7) Interfering farLors from the urine r-araplc are 

'»H tiii na.t cd by wasliing after absorptiori onto solid phase* 
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(3) fhu tcot is indopcndcnt f ro;;i u r i n c volume . 

(4) The use of a solid p>Iiase tGrhnit;ue cnaljles the 
use of a simple "dipstick test". 



Op tijpi -.'i t i on intil cvaluolion of the kit 

T h n u will he o p t im i sod in tcrnin of 'tuning' the 
colour cignal response tu corrciipoDd with the range 
o f oeclrone-3-.jlucuronide/prcgnnricdi ol-3-giucuronide 
ratios that occur in n normal me;nr»trual cycle. The 
follow in cj vari;*bleo will be invcritirjated in order to 
achieve this end: 

(a) Variation of the ruirnher of r en i dues of o est rone- 
3 -gl ucu roni de and/or p r eynanedi ol -3-(jlucu roni de per 
molecule of mixed s t er oi d -p ro t ei n corriplex. 

(b) Variation in the dilution of p rcqnanediol -3-glu- 
curonidn an t i s ertim u sed to coat the i:olid phase. 

(c) Vnriation in the chnract eri :;tirr; of the unlabel led 
an ti sera, e.g. hiqfi v e r r.u r. 1 ov/ affinity antiserum. 

(d) Variation in the chnrncteristics of tf)e en^ymc- 
labelled antiserum. 

(e) Variation in the nature of the enzyme label and/ 
or Gubutrates. 

It is intended to e xami n e u r i n es from a large number of 
m en G I r u a 1 cycler, u c i n g the kit- U c i g a simple colour 
chart, si gn i n criri t measure:: in colour intensity will 
be recorded and correlated v/i th the fertile period. 

Preliminary dalo on the LlPG/f*D3r. ratio from nine normal 
menstrua] cycles t>y conventional analyses have shown 
that t!ie ratio increases 2 to 5 fold from the mean 
follicular pfmsi* bar. el ine value (days - 12 to - 6) 
to the pre-ovul<'. tory peak value. Differences in chrono- 
p h o r c c o n c en t r :( t i o n s of this magnitude are readily detec- 
ted by the humrin eye thcrefurf? in theory the kit is 
feasible. 
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However it has been observed that Lhe absolute value 

of the ratio can differ from woman to woman. For the 

nine subjects examined the follicular phase baseline 

ratio (mean of *\r r \Z - ^ )„ "f'lr'^r *'r""* 0 ■ — mm. 

0.03 and the p re-ovul a to ry peak value (days - 2 to 

0) ranges from 0.028 to 0.136. In terms of a kit this 

indicates that an absolute colour endpoint may not be 

suitable, rather a relative colour change would mark 

the end point. 

It is envisaged that the kit would contain a colour 
chartt graduated in increasing intensities of colour. 
For each woman a follicular phase baseline of colour 
intensity would be recorded on the chart. As mid cycle 
approaches an increase in colour intensity by a certain 
number of graduations on the chart would be taken as a 
positive result. 

In this speci f ication the term "irreversible bond" 
means a bond, the dissociation constant of which is lower 
than the dissociation constant of an immunochemical bond. 
In particular the bonds between the solid phase and the 
second antibody have a lower dissociation constant than 
the dissociation constants of the immunochemical bonds 
which bind the first and second antibodies to the ligand 
molecules. 

Ref erences 

Samara j eewa P b Kellis. A.E. (1975) 
Biochem. J.15i ^3 69-3 76 

^Van Weemen B.b Schuurs.A. (1974) 
FEBS Letters 4 . 2 1 5 . 
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The embodiments of the invention in which an exclusive 
property of privilege is claimed are defined as follows: 

!• A reagent syztcCL f" use in determining the con- 
centration ratio of-ft *' "r*- Bf wfir"""'' ^ ^^i>.*-^ ^ «^^^ond «*nti- 
genic solute, comprising a first and a second component, the 
first component comprising; 

a solid phase, 

a first antibody capable of reversibly binding 
to the first antigenic solute, 

a second antibody capable of reversibly binding 
to the second antigenic solute, 

a ligand molecule comprising one or more molecules 
of the first antigenic solute and one or more molecules of the 
second antigenic solute covalently bound to a support molecule, 

wherein the second antibody is irreversibly bound 
to the solid phase, the ligand molecule is capeQ^le of being 
reversibly bound to the solid phase by the reversible binding 
of the second antibody with one or more molecules of the second 
antigenic solute bound to the support molecule and the first 
antibody is capable of being reversibly bound tc the ligand 
molecule by the reversible binding of the first antibody with 
one or more molecules of the first antigenic solute bound to 
the support moleicule, thereby forming an immunocomplex bound to 
the solid phase, 

and the second component comprising; 

a labelled antibcdy having substantially the same 
antigenic specificity as the first antibody. 
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2. A reagent system according to 
the support molecule is a protein* 



claim 1 wherein 



3. A reagent system according to claim 2 wherein 

/r;e protein is bovine ser»u" albairio— , ^ 

4. A reagent system according to claim 1, 2 or 3, 
wherein the first and second antibodies are immunoglobulin 
enriched fractions of antisera to the first and second antigens 
respectively* 

5. A reagent system according to claim 1, 2 or 3 
wherein the' labelled antibody is labelled with an enzyme. 

6. A reagent system according to claim 1, 2 or 3 , 
wherein the eozyme labelled antibody is capable of producing a 
visible signal in conjunction with a substrate. 

7. A reagent system according to claim 1, 2 or 3, 
wherein the labelled antibody is labelled with horseradish per- 
oxidase. 

8. A reagent system according to claim 1, 2 or 3, 
wherein the first and second antigenic solutes are steroids or 
steroid metabolites. 

9. A reagent system according to claim 1« wh r in the 
first antigenic solut is 3-hydroxy-oe« tra- 1 , 3 , 5 ( 10 ) - tr iene-17-^ne 
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3-^^-D-gLucupyrano3iduronic acid (oestrone-3-glucuronide) . 

10. A reagent system according to claim 1, wherein 
the second antigenic solute is 5^-pregnane- 20^-diol>V-^D- 
glucupyranoaiduronic acid (pregnanediol-3-glucuronlde) . 

^ r^ft^frn t systeg a ccording to claim 9 or 10 
v^en used method for the detection of the fertile period of 

the aienstrual cycle. 

12. A process for the determination of the concentra- 
tion ratio of a first antigenic solute to a second antigenic 
solute using the reagent system according to claim 1, 2 or 3 
comprising the steps of: 

placing a sample containing a first and second 
antigenic solute in contact wi-h the first component of the 
reagent system, thereby causint) competitive dissociation of 
the immunocomplex, the equilibrium of which dissociation depends 
upon the ratio of the concentration of the first and second 
solutes present in the sample, 

washing the first component with a buffer solu- 
tion, thereby removing immunocomploxes not bound to the solid 
phase, placing the labelled antibody in contact with the first 
component thereby allowing the formation of an immunocomplex 
With non-complexed molecules of the first antigenic solute on 
the ligand molecule, washing the first component with a buffer 
solution, thereby removing immunocomplexos not bound to the 
solid phase, and measuring tha amount of labelled antibody 
associated with the solid phasu. 
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13. A process for the determination of the concen- 
tration ratio of a first antigenic solute to a second anti-» 
genie solute using the reagent system according to claim 1, 
2 or 3, wherein the first and second antibodies are imuno* 
globulin enriched fraction:* antiscra to tho first and zc^ih^ 
antigens respectively and comprising the steps of: 

placing a sample containing a first and second anti- 
genic solute in contact with the first component of the reagent 
system, thereby causing competitive dissociation of the im- 
munocomplex, the equilibrium of which dissociation depends 
upon the ratio of the concentration of the first and second 
solutes present in tho sample, 

washing the first component with a buffer solution, 
thereby removing immunocomplcxos not bound to tho solid phase, 
placing tho labelled antibody in contact with the first com- 
ponent thereby allowing the formation of an Ununocoaplex 
with non-coroplcxod molecules of tho first antigenic solute 
on the ligand molecule, washing the first component with a 
buffer solution, thereby removing immunocomplexes not bound 
to tho solid phase, and measuring tho amount of labelled anti- 
body associated with the solid phase. 

14. A process for the detorminat ion of tho concen- 
tration ratio of a first antigenic soluto to a second anti- 
genic solute using tho roagont system according to claim 1, 
2 or 3, wherein the labelled antibody is labelled with an 
enzyme and comprising the steps of: 

placing a sample containing a first and second anti- 
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gonic floluto in contact with tho first componont of tho re- 
agent oystom, thoroby cAuaing competitive dieaocidtion of 
the immunocomplox, the equilibrium of which dieaociation de* 
penda upon the ratio of the concentration of the firat ajnd 
aecond aolutea preaent in the sample^ 

waahing the firat component with a buffer aolution^ 
thereby removing immunocoaiplexoa not bound to the aolid phaae 
placing tho labelled antibody in contact with the firat co»* 
ponent thereby allowing tho formation of an imm\inocomple» 
with non-comploxed molecules of the firat antigenic solute 
on tho llg.nnd molecule, washing the first componont with a 
buffer solution, thereby restoving immunocooplexes not bound 
to the solid phase, and measuring the amount of labelled anti 
body associated with the solid phaso. 

IS. A process for the determination of the concon- 
tration ratio of a first antigenic solute to a second anti- 
genic aolato using tho reagont system according to claim 1, 
2 or 3, wherein the onsymo labollod antibody is capable of 
producing a visible signal in conjunction with a sub;»trate 
and compriuing the steps ofs 

placing a sample containing a first and second anti 
genic solute in contact with tho first component of ih<? fc?- 
agent system, thereby causing competitlvo dissociation of 
tho immunocoraplex , the equilibrium of which dissociation d<?- 
pcncis ufx?n the r:itio of tho ccncont rat ion of the first and 
second solutes present in tho sample. 
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washing the first component with a buffer solution. 



thereby removing immunocomplexes not bound to the solid phase, 
placing the labelled antibody in contact with the first com- 
ponent thereby allowing the formation of an immunocomplex 
with non-complf*xcd mclcrulc;^ th^ Zii'jiL uuci^tif ic ^^luCu 
on the ligand molecule, washing Ci*.*^'* l 1 i. ii'. «.wU4^l!«i««l ^ 
buffer solution, thereby removing immunocomplexes not bound 
to the solid phase, and measuring the amount of labelled anti- 
body associated with the solid phase. 




Figure 1: * 

Preparation of //.ixed Steroid Ciucuronide Immunocomplcx on a Solid Phase 
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